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(54) BLOCK-GRAFT COPOLYMER AND SELF-CROSSUNKING SOLID POLYELECTROLYTE 
PRODUCED BY USING THE SAME AND PRODUCTION OF THE POLYELECTROLYTE 

f- (57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a block-graft copolymer 

h r 

H j-^-o-^ r* useful for a self-crosslinking solid polyelectrolyte adapted for 

electric cells, the polyelectrolyte being inexpensive, apart from 
swelling and dissolving in each kind of electrolytes, excellent in 
liquid— retainability and mechanical strength. 
-E-CH;— c-Q-fr R* TT SOLUTION: This copolymer is obtained by including (A) a block chain 

of a polymer having a polymerization degree of >10, the chain 
comprising the repeating unit of formula I (R1 is H, etc.; R3 is an alkyl, 
etc.; (n) is 1 to 100; and a number average molecular weight of the 
T I graft chain of formula II is 45 to 4400) and (B) a block chain of a 

™^ uHj f ^" rci ^~ polymer having a polymerization degree of >30, the chain comprising 

l/J |Tj m the repeating unit of formula III (R4 and R5 are each H, etc.; (n) is 2 or 

X 3; (l+m) is >300; (l:m) is (95 to 5):(50 to 50); and (I) and (m) are 

JCHs) „CH=CH 2 

subjected to random or alternate sequence) in the A:B ratio of (1 to 
30):(30 to 1). The objective copolymer is >300 in polymerization degree and useful for filmy polymer 
batteries, etc. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1]The general formula I[Formula 1] 



1^ ( I ?vy>?mA 

04-CH 2 -G-0-^ R3 

(R 1 is an integer of 1-100 here, and a hydrogen atom, a methyl group or an ethyl group, and R 2 are [ g 
hydrogen atom or a methyl group, and R 3 / an alkyl group, an aryl group, an acyl group, a silyl group or s 
cyano alkyl group, and n ] the general formulas II in a formula.) [Formula 2] 



-{-CHg-C-0 -)-R3 H ^57^ 

I n 

R2 



the number average molecular weight of the graft chain come out of and shown — 4400 or less [ 45 or 
more ] — it is — the block chain A of a with a degree of polymerization [ of ten or more ] which comprises 
the repeating unit expressed polymer, and the general formula III, [Formula 3] 
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IK 7uy?mB 



(CH 2 ) n CH = CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and n of R 4 and R 5 are the integers of 2 or 3 here.) The 
total of I and m is 300 or more, and ingredient ratios of I and m are 95:5-50:50, and an arraying method of I 
and m, random or alternation — it is — a with a degree of polymerization [ of 310 or more ] whose ingredient 
ratios of the block chain A and the block chain B it comprises the block chain B of a with a degree of 
polymerization [ of 300 or more ] which comprises a repeating unit expressed polymer, and are 1:30-30:1 
block graft copolymer. 
[Claim 2]The general formula I [Formula 4] 




(R 1 is an integer of 1-100 here, and a hydrogen atom, a methyl group or an ethyl group, and R 2 are [ a 
hydrogen atom or a methyl group, and R 3 / an alkyl group, an aryl group, an acyl group, a silyl group or a 
cyano alkyl group, and n ] the general formulas II in a formula.) [Formula 5] 



V 

~{-ch z — c~ o -^j-r3 - ii ^yhm 



a number average molecular weight of a graft chain come out of and shown — 4400 or less [ 45 or more ] — 
it is — the block chain A of a with a degree of polymerization [ often or more ] which comprises a repeating 
unit expressed polymer, and the general formula III, [Formula 6] 
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(CH 2 ) n CH = CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and n of R 4 and R 5 are the integers of 2 or 3 here.) The 
total of I and m is 300 or more, and the ingredient ratios of I and m are 95:5-50:50, and the arraying method 
of I and m, random or alternation — it is — it comprising the block chain B of a with a degree of 
polymerization [ of 300 or more ] which comprises the repeating unit expressed polymer, and, irradiating 
with a high energy beam a with a degree of polymerization [ of 310 or more ] whose ingredient ratios of the 
block chain A and the block chain B are 1:30-30:1 block graft copolymer — a system — the manufacturing 
method of the self-bridge construction type solid polymer electrolyte characterized by adding a nonaqueous 
electolyte after constructing a bridge in the whole. 

[Claim 3]A manufacturing method of the self-bridge construction type solid polymer electrolyte according 
to claim 2, wherein said high energy beam is an electron beam. 

[Claim 4]A manufacturing method of the self-bridge construction type solid polymer electrolyte according 
to claim 2 or 3, wherein said nonaqueous electolyte comprises polyalkylene oxide and lithium system mineral 
salt. 

[Claim 5]A manufacturing method of the self-bridge construction type solid polymer electrolyte according 
to claim 2 or 3, wherein said nonaqueous electolyte comprises either of high boiling point cyclic carbonate, 
low-boiling point straight-chain-shape ester species, or carbonic ester, and lithium system mineral salt. 
[Claim 6]irradiating with a high energy beam a block graft copolymer indicated to said claim 1 — a system — 
a self-bridge construction type solid polymer electrolyte which adds and can do a nonaqueous electolyte 
after constructing a bridge in the whole. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a solid polymer electrolyte useful as a primary battery 
element and a rechargeable battery element, especially the optimal self-bridge construction type solid 
polymer electrolyte for a film state polymer battery. 
[0002] 

[Description of the Prior Art]As a solid electrolyte research and development in is done conventionally, 
what is called inorganic system materials, such as beta-alumina, Li 2 Ti0 3 , RbAg 4 I 5 , Agl, or phosphotungstic 
acid, are known widely. 2 [ however, ] whose one specific gravity of an inorganic system material is heavy — 
it cannot fabricate in arbitrary shape — 3 — a flexible and thin film is not obtained — there is a fault, like 
the ion conductivity in four room temperatures is low, and it has been a practical problem. 
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[0003]In recent years, organic system material attracts attention as a material which improves the 
above-mentioned fault. The general presentation of an organic system Polyalkylene oxide, silicone rubber, It 
comprises a solid polymer electrolyte which mixed the electrolyte (mainly mineral) used as careers, such as 
LiCI0 4 and LiBF 4 , and in which the polymers used as matrices, such as a fluoro-resin or polyphosphazene, 
were dissolved. Although such a solid polymer electrolyte is lightweight as compared with an inorganic 
system material, and is supple and it has the feature that processing to a film and shaping are easy, The 
research and development for obtaining the solid polymer electrolyte which reveals higher ionic conductivity 
are done actively, maintaining these features in the past several years. 

[0004]The most effective thing as the technique of giving at present more high ion conductivity, A solid 
polymer electrolyte is made to absorb the aprotic system organic electrolysis liquid conventionally used as 
a lithium ion battery by a certain method, It is the art used as a gel solid electrolyte (M. Armand, Solid States 
Ionics, 69, 309 to pp.319 (1994) reference). It divides roughly into the polymers used as a matrix of this gel 
solid electrolyte, and there are two kinds of constructed type polymers of a bridge, such as 
straight-chain-shape polymers, such as 1 polyether system and a fluoro-resin, and 2 polyacrylic-acid 
system, of them. 
[0005] 

[Problem(s) to be Solved by the Invention]As an application of the above-mentioned 1 straight-chain-shape 
polymers, although I.E.Kelly et al., J.Power SourcesU, pp.13 (1985), U.S. Pat. No. 5,296,318, etc. are 
mentioned, In any case, an electrolysis solution began to leak from polymers, and membranous intensity was 
vulnerable. In order that an electrolysis solution might work as a plasticizer to the polymers used as a matrix, 
when the temperature of the system rose, there was a problem of the polymers themselves melting into an 
electrolysis solution. 

[0006]On the other hand, although the method (PCT/JP91/00362, international publication number 
W091/14294) of using as the crosslinked polymer which polymerizes the liquefied monomer which added the 
electrolysis solution and contains an electrolyte, etc. are proposed in 2 bridge-construction type polymers, 
In this method, when the degree of cross linking of the polymer was made high, ionic conductivity fell 
extremely, when the degree of cross linking was made low on the contrary, the solid intensity (elastic 
modulus) of the polymer became vulnerable this time, and there was a problem that the film which has 
sufficient intensity was not obtained. 

[0007]On the other hand, these people proposed in the patent No. (it is considered as a invention) 1842047 
about the block graft copolymer used as the model of this invention, and its manufacturing method 
previously. In the patent No. (it is considered as b invention) 1842048. In order to raise the ionic 
conductivity of this block graft copolymer, to that alkylene oxide unit 0.05-80-mol% of Li, The block graft 
copolymer constituent with which the mineral salt containing at least one sort of elements chosen from Na, 
K, Cs, Ag, Cu, and Mg was mixed was proposed as a solid polymer electrolyte. 

[0008]In JP,5-74195,B (it is considered as c invention). Again Li cell which contained the composite with 
the Li-ion salt of the same block graft copolymer as an electrolyte in JP,3-188151,A (it is considered as d 
invention). The block graft copolymer constituent which adds polyalkylene oxide to the inorganic ion salt 
composite of the same block graft copolymer as this was proposed. 

[0009]Although the organic solvent which dissolves this was added to the obtained block graft copolymer 
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with mineral salt etc., it dissolved in it and what carried out dry removal of the organic solvent after shaping 
has been used as a solid polymer electrolyte in the invention of the above (b), (c), and (d), Since any solid 
polymer electrolyte had a little low ion conductivity, it did not result in utilization. 
[0010]Then, in JP,7-109321,A, these people proposed the compound solid electrolyte which made the 
nonaqueous electrolyte which made a cyclic carbonate solvent and mineral salt with the subject the same 
block graft copolymer as the above contain for the purpose of ion-conductive improvement. By this, 
although ion conductivity has improved greatly and film strength also increased by leaps and bounds 
simultaneously, For example, when it was going to apply this compound solid electrolyte to the 
noncommercial sized cell which thinks as important the low-temperature (room temperature — 20 **) 
characteristic, it became clear that it is hard to come out of low-temperature characteristic sufficient in 
cyclic carbonate also with high viscosity and the high melting point. Then, although the necessity of adding 
so much low-boiling point straight-chain-shape ester and carbonic ester which raise the low-temperature 
characteristic of a cell and which are known as the general technique as the 2nd ingredient arose, These 
solvents were good solvents of the above-mentioned block graft copolymer, and when it added so much, the 
problem of dissolving the solid polymer electrolyte itself produced them. 

[001 1]When it is going to apply to the large-sized cell which operates at the elevated temperatures (60-80 
**) an electromobile, for electric power flattening, etc. it will be expected from now on that utilization is, the 
electrolysis solution to add has high thermal stability, and it is optimal to use as the main ingredients the 
polyalkylene oxide which does not almost have steam pressure, but. However, when this was also used so 
much, there was a fault in which it swells and a solid polymer electrolyte is dissolved. 
[0012]Then, without dissolving also to what kind of kind of organic system electrolysis solution, these 
people proposed a new electron beam bridge construction type solid polymer electrolyte in Japanese 
Patent Application No. No. 65285 [ nine to ] for the purpose of producing the solid polymer electrolyte in 
which film strength does not fall, also where an electrolysis solution is added. Restrictions of the 
electrolysis solution to be used are canceled by this proposal, and the solid polymer electrolyte according to 
the purpose to be used came to be obtained easily. However, the styrene system monomer which is used 
here and which carried out alkylation became what also has a price of the obtained block graft copolymer 
very expensive and very expensive as a result. Since the glass transition temperature (Tg) of the obtained 
polymer was 70 ** or less, the heat-resistant problem at the time of an elevated temperature was also 
produced. 

[001 3]Therefore, the purpose of this invention is low cost about the solid electrolyte of a polymers system, 
It does not swell and dissolve to what kind of kind of electrolyte, but the cell according to use can only 
consist of changing an electrolytic kind moreover easily, It excels in electrolytic solution retention and 
mechanical strength, and is going to provide the manufacturing method of a self-bridge construction type 
solid polymer electrolyte and self-bridge construction type solid polymer electrolyte which have high ion 
conductivity, a moldability, etc. further. 
[0014] 

[Means for Solving the ProblemjAn invention indicated to claim 1 of this invention in order to solve such a 
technical problem is the general formula I, [Formula 7] 

6 



JP Hll-043523 



(R 1 is an integer of 1-100 here, and a hydrogen atom, a methyl group or an ethyl group, and R 2 are [ a 
hydrogen atom or a methyl group, and R 3 / an alkyl group, an aryl group, an acyl group, a silyl group or a 
cyano alkyl group, and n ] the general formulas II in a formula.) [Formula 8] 

V 

«eCH 2 ~-C~0-^R3 H ^57 hffi 



4-CH 2 ~CR*-)- 

R2 



the number average molecular weight of the graft chain come out of and shown — 4400 or less [ 45 or 
more ] — it is — the block chain A of a with a degree of polymerization [ often or more ] which comprises 
the repeating unit expressed polymer, and the general formula III, [Formula 9] 




III 7Uy$mB 



(CH Z ) „CH=CH 2 

(A hydrogen atom, a methyl group or an ethyl group, and n of R 4 and R 5 are the integers of 2 or 3 here.) The 
total of I and m is 300 or more, and ingredient ratios of I and m are 95:5-50:50, and an arraying method of I 
and m, random or alternation — it is — it is a with a degree of polymerization [ of 300 or more ] which 
comprises a repeating unit expressed block graft copolymer [ with random or a degree of polymerization / of 
310 or more / whose ingredient ratios of the block chain A and the block chain B it comprises the block 
chain B of an alternating copolymer, and are 1:30-30:1 ]. 

[0015]Since this block graft copolymer has self crosslinkability, irradiating with a high energy beam — a 
system — if a bridge is constructed in the whole, a trunk molecule forms the false structure of cross linkage, 
a membranous mechanical strength can be raised, a graft ingredient can form a continuous phase, and a 
passage of a metal ion can be secured, and an electrolysis solution can be stably held as a compatibilizer. 
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[0016]and — an invention indicated to claim 2 of this invention irradiates said block graft copolymer with a 

high energy beam — a system — after constructing a bridge in the whole, it is a manufacturing method of a 

self-bridge construction type solid polymer electrolyte adding a nonaqueous electolyte. 

[0017]thus — irradiating said block graft copolymer with a high energy beam — a system — the whole by 

having constructed the bridge, It cannot swell and dissolve to a nonaqueous electolyte, but can be used as 

a polymers matrix of a self-bridge construction type solid polymer electrolyte of this invention, and a 

self-bridge construction type solid polymer electrolyte excellent in the solution retention of a nonaqueous 

electolyte, a mechanical strength, high ion conductivity, a moldability, etc. can be obtained. 

[0018]And bridge construction can be completed if said crosslinking reaction makes said high energy beam 

an electron beam (claim 3). 

[001 9] Furthermore, polyalkylene oxide and lithium system mineral salt shall be comprised in said 
nonaqueous electolyte (claim 4). Or either of high boiling point cyclic carbonate, low-boiling point 
straight-chain-shape ester species, or carbonic ester and lithium system mineral salt shall be comprised 
(claim 5). 

[0020]With such a manufacturing method, also in an elevated temperature or low temperature, there is no 
degradation of a mechanical strength simply and certainly, there is no break through of an electrolysis 
solution, and an ion-conductive high self-bridge construction type solid polymer electrolyte can be 
manufactured. 

[0021]If a self-bridge construction type solid polymer electrolyte is manufactured with a manufacturing 
method of this invention, also in an elevated temperature, there will be no break through of an electrolysis 
solution, there will be no degradation of a mechanical strength also under low temperature, and an 
ion-conductive high self-bridge construction type solid polymer electrolyte will be obtained (claim 6). 
[0022]Hereafter, although this invention is explained still in detail, this invention is not limited to these. This 
invention persons are more excellent in a mechanical strength taking advantage of the characteristic of a 
block graft copolymer, In order solution retention is good and to obtain a solid polymer electrolyte which 
does not have degradation in a battery characteristic in an elevated temperature or low temperature, if a 
bridge is constructed and a block graft copolymer is made into three-dimensional network structure, this 
invention will be completed paying attention to an effective thing. 

[0023]A block graft copolymer which becomes the origin of a crosslinked polymer which is a component of a 
self-bridge construction type solid polymer electrolyte of this invention is the general formula I, when 
structure of ******** is shown here, although there is also a portion which is fundamentally [ as what is 
indicated by the above-mentioned patent No. 1842047 ] common, [Formula 10] 
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H 

I I mv&MA 

(R 1 is an integer of 1-100 here, and a hydrogen atom, a methyl group or an ethyl group, and R 2 are [ a 
hydrogen atom or a methyl group, and R 3 / an alkyl group, an aryl group, an acyl group, a silyl group or a 
cyano alkyl group, and n ] the general formulas II in a formula.) [Formula 11] 



-t-GH z -~c-o -£-R3 n ?~r7 hm 

R2 



a number average molecular weight of a graft chain come out of and shown — 4400 or less [ 45 or more ] — 
it is — the block chain A of a with a degree of polymerization [ often or more ] which comprises a repeating 
unit expressed polymer, and the general formula III, [Formula 12] 




(CH 2 ) n CH = CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and n of R 4 and R 5 are the integers of 2 or 3 here.) The 
total of I and m is 300 or more, and the ingredient ratios of I and m are 95:5-50:50, and the arraying method 
of I and m, random or alternation — it is — it is a with a degree of polymerization [ of 300 or more ] which 
comprises the repeating unit expressed block graft copolymer [ with random or a degree of polymerization / 
of 310 or more / whose ingredient ratios of the block chain A and the block chain B it comprises the block 
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chain B of an alternating copolymer, and are 1:30-30:1 ]. 

[0024]The block chains A and B of a polymer which consists of congener or a repeating unit of a different 
kind expressed with the general formulas I and III, respectively of this block graft copolymer are AB, BAB, 
BAB', and a thing that is arranged arbitrarily and changes like BAB'AB, for example. As for a degree of 
polymerization of the block chain A of a polymer, similarly, 300 or more and an ingredient ratio of both these 
block chains A and B of a degree of polymerization of B are 1:30-30:1 ten or more, and a degree of 
polymerization of a block graft copolymer produced by carrying out copolymerization is 310 or more. 
[0025]The block chain A of a polymer is a portion which achieves a function as a polymer electrolyte, An ion 
conductivity domain whose degree of polymerization is the feature of this polymer in less than ten does not 
show micro phase separation structure used as a continuous phase, but it the block chain B. For a portion 
holding a mechanical strength, as for a tangle of a chain of block chain B between polymer molecules, less 
than 300 will be [ a degree of polymerization ] insufficient, and a mechanical strength of polymer membrane 
will fall. If a graft ingredient has too few ingredient ratios of the block chain A and the block chain B less than 
1:30, ion conduction ability falls, and it becomes difficult to maintain a function as a polymer electrolyte and 
30:1 is exceeded for same reason, Influence of a graft ingredient is too great, a trunk molecule ingredient as 
a block chain decreases, and it becomes difficult to hold a mechanical strength. 

[0026]By irradiating with high energy beams, such as an electron beam, at a bridge construction site, a diene 
part of a monomer can be split easily and the monomer M (for example, butenylstyrene) which constitutes 
the block chain B can be used as a bridging body. However, as low as 70 ** or less, since the monomer itself 
was very expensive, glass transition temperature (Tg) added the cheap styrene monomer L to the monomer 
M drastic reduction of cost, and for the purpose of a rise of Tg, and polymer which comprises only M 
copolymer- ized. A ratio of I and m needs to be 95:5-50:50, even if it irradiates with an electron beam or less 
by 95:5, its crosslinking density is too low, intensity of a film when an electrolysis solution is added will 
become weak, and a manufacturing cost will also become [ Tg of polymer obtained or more by 50:50 ] low 
very highly. Even if an arranging system of I and m irradiates with high energy beams, such as an electron 
beam, it may become impossible to construct a bridge firmly in the block chain B, since micro phase 
separation may happen again in the block chain B if, or alternation is preferred and this becomes block like 
shape. 

[0027]In order to obtain this block graft copolymer, it is the following general formula IV, for example, 
[Formula 1 3] 

~f-QH z — CRi —h- 
OH 

The block chain C of a polymer which consists of a repeating unit expressed with (R 1 in a formula is the 
same as the above). Block copolymer T used as a trunk chain which comprises the block chain B of a 
polymer which consists of a repetition unit expressed with said general formula III is compounded, Next, it is 
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the general formula RMe (here) to hydroxyl of a side chain which this block copolymer T has. R — t-butyl 
ether, diphenylethylene, benzyl, naphthalene or a cumyl group, and Me — sodium, potassium, or a cesium 
atom — it is — making organic alkali metal expressed react and carbanion-izing — this — the following 
general formula V [Formula 14] 



What is necessary is to add the alkylene oxide expressed with (R 2 is the same here to the above), and just to 
grow up a graft chain. 

[0028]Under the present circumstances, block graft copolymer T as trunk polymers which consist of the 
block chains B and C used as a starting material, First, about the monomer compound containing the residue 
shown by said general formula IV illustrated by 4-hydroxystyrene etc. The phenolic hydroxyl group is 
protected by the trialkyl group or the trialkylsilyl group, Monomer compounds, such as this, trialkylsilyl 
styrene, or alpha-alkyl trialkylsilyl styrene, can be obtained by polymerizing by a living anionic polymerization 
method and then hydrolyzing from acid etc. 

[0029]Although organic metallic compounds, such as n-butyl lithium, sec-butyl lithium, and tert-butyl 
lithium, are illustrated by initiator used for this polymerization, especially among these, sec-butyl lithium is 
preferred. What is necessary is just to decide this amount used according to a desired molecular weight, 
since a molecular weight of a polymer obtained with the amount of preparation compounds is determined. 
Since a degree of polymerization of the block chain C which constitutes obtained block copolymer T is ten 
or more, initiator concentration is adjusted so that it may usually become a 10 ~ 2 -10 4 mol / liter in a 
reactional solvent. 

[0030]Although a polymerization is generally performed in an organic solvent, as an organic solvent used for 
this, a solvent for anionic polymerization, such as dioxane and a tetrahydrofuran, is preferred. 1 to 10 % of 
the weight is suitable for concentration of a monomer compound with which a polymerization is presented, 
and, as for a polymerization reaction, it is preferred to carry out under churning under a high vacuum below 
pressure 10 " 5 Torr or in an inert gas atmosphere of argon, nitrogen, etc. from which it refined and toxic 
substances, such as moisture, were removed. 

[0031]Desorption of a protective group can be easily performed by dropping acid, such as chloride or 
hydrobromic acid, under heating in solvents, such as acetone and methyl ethyl ketone. 
[0032]Thus, carbanion-ization of hydroxyl of obtained block copolymer T, One to 30% of the weight, 
concentration dissolves this in solvents, such as a tetrahydrofuran, so that it may become 1 to 10% of the 
weight preferably, organic alkali metal is added to this, and it is carried out by agitating at 0-40 ** for 30 
minutes - 6 hours. 

[0033]As organic alkali metal used for this reaction, although t-butoxypotassium, naphthalene potassium, 
diphenylethylene potassium, benzylpotassium, cumyl potassium, naphthalene sodium, cumyl caesium, etc. 



R2 




V 



n 
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are mentioned, for example, Especially among these, t-butoxypotassium is preferred. 

[0034]Alkylene oxide carbanion-ized block copolymer T is indicated to be by said general formula V below, 
for example, ethyleneoxide, propylene oxide, etc. — the shape of a steam — or it is liquefied, and in addition, 
if it agitates at 40-80 ** for 5 to 48 hours, a block graft copolymer can be obtained. If this is poured 
underwater, a block graft copolymer will precipitate, it is filtered, it dries and a polymerization solution which 
graft-ized alkylene oxide isolates. 

[0035]The characterization of this block graft copolymer can measure a number average molecular weight 
with a membrane osmometer, can determine structure and a presentation by an infrared absorption 
spectrum, 1 H-NMR, and 13 C-NMR, and can determine a degree of polymerization of a graft chain from that 
result. Judgment whether an object can be isolated or not and molecular weight distribution can be 
presumed by a GPC elution diagram. 

[0036]Although a reaction for a polymerization of block copolymer T used as this trunk molecule and graft 
chain growth of this is usually performed in an organic solvent, a tetrahydrofuran, dioxane, tetrahydropyran, 
benzene, etc. are mentioned as an example of an organic solvent which can be used for this. As a terminator, 
a methyl iodide, a methyl chloride, etc. can be mentioned, for example. 

[0037]It opts for control of the length of a graft chain in the number of mols of the block chain C contained 
in a block graft copolymer, quantity of organic alkali metal when carbanion-izing, and quantity of alkylene 
oxide. That is, the quantity of organic alkali metal must not exceed the number of mols of the block chain C, 
and the length of a graft chain is expressed with following expression **. 

(The number of mols of the number of mols / organic alkali metal of alkylene oxide) x ARUKIRE Molecular 
weight of a NOKI side .... **[0038]For example, in order for the length of a graft chain to manufacture a block 
graft copolymer of 2000 with a number average molecular weight, the block chain C — a 7x10" 3 mol — what 
is necessary is just to add 22 g of alkylene oxide for organic Al Cal metal to an included block graft 
copolymer, a 5x10 " 3 mol, in addition after carbanion-izing What is necessary is just to make the whole of 
each above-mentioned ingredient into equimolar, in order for the length of a graft chain to manufacture a 
block graft copolymer of 45 with a number average molecular weight. Furthermore, a number average 
molecular weight is attained by choosing the middle arbitrarily by a thing of 45-4400. 
[0039]Next, a bridge is constructed, said block graft copolymer is used as constructed type polymers of a 
bridge, and how to add a nonaqueous electolyte to this and to manufacture a self-bridge construction type 
solid polymer electrolyte is described. 

[0040]Bridge construction of said block graft copolymer irradiates with a high energy beam, and completes 
crosslinking reaction. As an excitation device of crosslinking reaction, there are an electron beam (radiation), 
ultraviolet rays (light), and a heat ray, and it is in an order field of 10 3 - 10 6 eV, several electron volts, and 
-10 ~ 2 eV as energy level, respectively. Although what is necessary is just to choose a crosslinking method 
from these means, in this invention. Energy level was high, and when it was easy to control, bridge 
construction by an electron beam which does not need a radical generator was suitable and CB250/30 / 
180L (trade name by the Iwasaki Electric Co., Ltd.) was used as an electron beam irradiation device, 
accelerating voltage of 200 kV, the dose 5 - exposure conditions of 50Mrad. were effective. 
[0041]Although bridge construction by a heat ray was unsuitable in order to perform wide range bridge 
construction with sufficient reproducibility, and ultraviolet rays were simple methods, there was a case 
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where a bridge could not be well constructed depending on a gestalt of a film. Although a radical generator 
for exciting a cross linking agent is required in a crosslinking method by concomitant use of a heat ray and 
ultraviolet rays, at the same time as the system of reaction becomes more complicated by using this, 
depending on the case, it will have an adverse effect on transportation of a lithium ion. 
[0042]Hereafter, composition of a nonaqueous electolyte and a manufacturing method of a self-bridge 
construction type solid polymer electrolyte which thought the characteristic according to use as important 
are described. 

[Composition of an electrolysis solution for elevated-temperature operation type (60-80 **) large-sized 
cells] the optimal electrolysis solution for a large-sized cell which operates at elevated temperatures 
(60-80 **) an electromobile, for electric power flattening, etc., Thermal stability was high, it was preferred to 
make into a subject polyalkylene oxide which steam pressure moreover does not generate at the time of an 
elevated temperature, and it turned out that a bridge construction block graft copolymer of this invention is 
suited. 

[0043]To polyalkylene oxide added by said bridge construction block graft copolymer, a diethylene glycol, 
Triethylene glycol, tetraethylene glycol, a polyethylene glycol, Diethylene glycol monomethyl ether, 
polyethylene-glycol monoethyl ether, Polyethylene-glycol monopropyl ether, diethylene glycol dimethyl 
ether, Polyethylene-glycol wood ether, polyethylene-glycol diethylether, A compound which transposed 
polyethylene-glycol dipropyl ether and ethylene glycol structure of these compounds to propylene glycol 
structure is mentioned, and it is used in one sort or two sorts or more of the combination. 
[0044]A kind of lithium system mineral salt added by polyalkylene oxide, At least a kind of compound chosen 
from LiCI0 4 , Li BF 4 , Li PF 6 , Li AsF 6 , Li CF 3 S0 3 , and LiN(CF 3 S0 2 ) 2 is good. As for salt concentration to 
polyalkylene oxide, I. is preferred in 0.5-3 mol /, in I., the number of ion careers in an electrode decreases in 
0.5 mol /or less, and an electrode capacity factor falls. As for an addition rate over a block graft copolymer, 
20 % of the weight or more is good, and it is 1 00 to 300 % of the weight preferably. 

[0045][Composition of the optimal nonaqueous electolyte for a noncommercial sized cell which thought as 
important the low-temperature characteristic (room temperature — 20 **)] Especially the optimal solid 
polymer electrolyte for a noncommercial sized cell used by a camera, video, etc. is asked for ion 
conductivity not falling at the time of low temperature (room temperature — 20 **). So, in this invention, 
high straight-chain-shape carbonic ester, straight-chain-shape ester species, etc. of a dielectric constant 
were added by hypoviscosity other than viscous high cyclic carbonate, and viscosity of the whole 
nonaqueous electolyte was reduced. 

[0046]Composition of a nonaqueous electolyte added by the above-mentioned bridge construction block 
graft copolymer comprises either of high boiling point cyclic carbonate, low-boiling point 
straight-chain-shape ester species, or carbonic ester, and lithium system mineral salt. Specifically as high 
boiling point cyclic carbonate, As being chosen from ethylene carbonate, propylene carbonate, gamma-butyrolactone, and 
2-methyl-gamma-butyrolactone, it is a kind as it is few, As low-boiling point straight-chain-shape ester 
species or carbonic ester, 1 ,2-dimethoxyethane, methoxyethoxy ethane, dioxolane, 4-methyl dioxolane, 
2-methyl dioxolane, diethyl carbonate, As being chosen out of acetonitrile, a tetrahydrofuran, and 
2-methyltetrahydrofuran, it is a kind as it is few, and both are mixed and used and 20:80-80:20 are preferred 
for the mixing ratio (capacity factor). 
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[0047]A kind of lithium system mineral salt is the same as a thing of said high temperature form electrolysis 
solution, as for salt concentration to said organic solvent, I. is preferred in 0.5-3 mol /, in I., the number of 
ion careers in an electrode decreases in 0.5 mol /or less, and an electrode capacity factor falls. As for an 
addition rate over a bridge construction block graft copolymer, 20 % of the weight or more is good, and it is 
100 to 300 % of the weight preferably. 

[0048]There is no restriction in particular in a combination method of a nonaqueous electolyte to said bridge 
construction block graft copolymer, For example, what is necessary is just to choose from a method of 
adding a nonaqueous electolyte to a bridge construction block graft copolymer, and kneading mechanically 
under ordinary temperature or heating to it, a method of immersing a film which dissolved in a common 
solvent of a bridge construction block graft copolymer and a nonaqueous electolyte and which was obtained 
by carrying out an epigenesis film in a nonaqueous electolyte, etc. Since a saturation content of 
polyalkylene oxide which can hold a bridge construction block graft copolymer, or a nonaqueous electolyte is 
uniquely decided by composition ratio of a graft chain, especially a latter method is simple although a 
film-like solid electrolyte is adjusted, and is the high method of reproducibility. 
[0049] 

[Embodiment of the Invention]Although an example is given and an embodiment of the invention is described 
concretely hereafter, this invention is not limited to these. The block copolymer in an example makes the 
block chain which consists of a copolymer of polybutenyl styrene and polystyrene poly (styrene 
co-butenylstyrene), and connects each block component by "-b" further, For example, polystyrene, 
polybutenyl styrene, polyhydroxy styrene.lt writes "poly (styrene co-butenylstyrene b-hydroxystyrene 
b-styrene co-butenylstyrene)", [ the block copolymer of three-ingredient ** 3 yuan ] By "-g -", a block 
graft copolymer connects each ingredient and For example, polystyrene, The block graft copolymer of three 
ingredients of 3 yuan block copolymers of polybutenyl styrene and polyhydroxy styrene, and polyethylene oxide, 
It is written as "poly [styrene co-butenylstyrene b-(hydroxystyrene g-ethyleneoxide)-b-styrene 
co-butenylstyrene]." 
[0050] 
[Example] 

(Example 1 -1 ) [Poly (styrene co-butenylstyrene b-tert-butoxystyrene b-styrene co-butenylstyrene) ... 
composition of block copolymer T used as a trunk polymers chain] 

The 1.71x10 ~ 4 mol of sec-butyl lithium was taught as an initiator into 250 ml of tetrahydrofurans under the 
high vacuum of 10 " 5 Torr. This mixed solution is kept at -78 **, and the mixed solution of 4.46 g of styrene 
diluted with 100 ml of tetrahydrofurans and 6.77 g of butenylstyrene is added, and it was made to polymerize, 
agitating for 15 minutes. This reaction solution assumed light yellow. Next, 7.54g of tert-butoxystyrene 
diluted with 100 ml of tetrahydrofurans was added, and it was made to polymerize in 15 minutes and under 
churning. This solution assumed dark yellow. The mixed solution of 4.46 g of styrene and 6.77 g of 
butenylstyrene which were diluted with 100 ml of tetrahydrofurans was added to this, and it was made to 
polymerize in 1 5 more minutes and under churning. At this time, the solution assumed light yellow again. 
After settling the polymer obtained by pouring out a reaction mixture into methanol after the end of a 
polymerization, it dissociated and dried and a 30.0 g (100% of polymerization yield) polymer was obtained. 
[0051 ]The GPC elution diagram of this polymer is monophasicity. 
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Molecular weight distribution (Mw/Mn) also showed 1.02 and very high monodisperse nature. 

The number average molecular weights measured by membrane osmometry were 17.5x10 4 g / mol, and the 

analysis result of 1 H~NMR was as follows. 

1 H-NMR (CDCI3); 

1.1- 1.9 ppm : (broadcloth, -CH 2 -CH- 3H) 
1.0-1.2 ppm : (s, t-butyl, 9H) 

1.9-2.2 ppm : (s and -CH 2 - 2H) 

2.2- 2.5 ppm : (s and -CH 2 - 2H) 
4.6-4.9 ppm : (d, =CH 2> 2H) 
5.4-5.7 ppm : (s and -CH=, 1H) 
6.0-6.8 ppm : (broadcloth, phenyl, 4H) 

[0052]From these results, it was checked that the obtained polymer is poly (styrene co-butenylstyrene 
b-tert-butoxystyrene b-styrene co-butenylstyrene). Styrene and butenylstyrene of the end became a total 
of 1 000 by a total of 500 both ends 250, respectively, tert-butoxystyrene was 250, and the degree of 
polymerization of each monomer was a total of 1 250. 

[0053]Next, by dissolving the obtained triblock copolymer in acetone and performing hydrolysis of bottom 6 
hours of flowing back using chloride, The poly (styrene co-butenylstyrene b-hydroxystyrene b-styrene 
co-butenylstyrene) which consists of 25 copies of styrene, 25 copies of 25 copies of 25 copies of 
butenylstyrene / hydroxystyrene / styrene, and 25 copies of butenylstyrene was compounded. The analysis 
result of 1 H-NMR of this triblock copolymer was as follows. 
1 H-NMR(1, 4-Dioxane-d8); 
1.0-1.8 ppm : (broadcloth, -CH 2 -CH- 3H) 
1.9-2.2 ppm:(s and -CH 2 - 2H) 

2.2- 2.5 ppm : (s and -CH 2 - 2H) 
4.6-4.8 ppm : (d, =CH 2 , 2H) 

5.3- 5.7 ppm:(s and -CH=, 1H) 
6.0-7.2 ppm : (broadcloth, phenyl, 4H) 
7.2-7.4 ppm : (broadcloth, -OH, 1H) 

[0054]Styrene in this poly (styrene co-butenylstyrene b-hydroxystyrene b-styrene co-butenylstyrene), 
The composition ratio and the molecular weight of butenylstyrene / hydroxystyrene / styrene, and 
butenylstyrene can be arbitrarily chosen from the charge of each monomer, and the concentration of an 
initiator. 

[0055](Example 1-2) [Composition of the block graft copolymer from poly (styrene co-butenylstyrene 
b-hydroxystyrene b-styrene co-butenylstyrene) by ethyleneoxide] 

Poly (styrene co-butenylstyrene b-hydroxystyrene b-styrene co-butenylstyrene) 22.5 g obtained in said 
Example 1-1 was dissolved in a 1000-ml tetrahydrofuran under the high vacuum of 10 " 5 Torr. The 
tert-butoxypotassium of 17.5 millimols was added to this solution at 25 **. 44.0 g of ethyleneoxide was 
added for this solution after 1-hour churning. This was kept at 70 ** and churning was continued for 20 
hours. Then, since a methyl iodide is added and the polymerization was stopped, reaction mixture was 
poured out underwater, the obtained polymer was settled, and it dissociated and dried. The obtained 
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polymer (sample number T-1) was 58. 7g (88.9% of yield). 

[0056]The GPC elution diagram of this polymer T-1 had good symmetry at monophasicity, and when 
molecular weight distribution (Mw/Mn) also showed 1.10 and very narrow monodisperse nature, it checked 
that this was a single polymer. As shown in drawing 1 , the rate of graft-izing to hydroxystyrene which is a 
trunk molecule is about 100% as a result of 13 C-NMR measurement. 

The presentation of polyethylene oxide checked that the degree of polymerization of a graft chain was 23.8 
(a number average molecular weight is 1040g/mol) 61.6%. 

[0057](Example 1-3) [Electron beam bridge construction of a block graft copolymer] 
It cast into Teflon tabular, after dissolving 3.0 g of the above-mentioned block graft copolymer (sample 
number T-1 ) in a tetrahydrofuran (THF). After settling this sample at the bottom of an argon air current, and 
a room temperature for 24 hours and removing a superfluous solvent, reduced pressure drying was carried 
out at 90 more ** for 24 hours, and the film with a film thickness of about 30 micrometers was obtained. 
After irradiating this film with the electron beam of the accelerating voltage of 200 kV, and dose 10Mrad. and 
constructing a bridge, in order to evaluate a degree of cross linking, it was again immersed in the 
tetrahydrofuran. As a result, shape was [ immersion before ] almost changeless although the thickness of 
the film became as thick about about 30% as 40 micrometers. 

[0058](Example 2) [Composition of the block graft copolymer which has a different presentation] 

Except having changed the quantity of the ethyleneoxide to add, the block graft copolymer was compounded 

by the same conditions and method as Example 1-2, and the presentation was shown in Table 1. Each 

obtained block graft copolymer was single, and was a narrow polymer of molecular weight distribution. 

[0059] 

[Table 1] 



NO. 






m^mfrT-m. (Mux 10*) 




mmm (&> 


{%) 


(Mn) 


<n) 






T-2 


1 8.5 


3 9.0 


4 1 3 


9.4 


1 0.3 


26.4 


T-3 


2 9.0 


4 4.9 


5 96 


1 3.5 


1 4.9 


3 1.0 



[0060](Examples 3-13) [Degree-of-cross-linking evaluation when it irradiates with the electron beam with 
which energies differ] 

It film-ized by the same method as Example 1-3 using the block graft copolymer (sample number T-1 to 
T-3) compounded in Example 1-2 and Example 2, and the degree of cross linking when irradiated with the 
electron beam with which energies differ was evaluated. The result of having evaluated the cross-linking 
condition and the degree of cross linking was shown in Table 2. 
[0061] 
[Table 2] 
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[0062]Insolubilizing to THF became the electron beam irradiation more than 10Mrad. is required for bridge 
construction of a block graft copolymer, and clear from these results. Crosslinking reaction did not advance 
smoothly, and degradation of a film was intense in the exposure more than 100Mrad., and film strength was 
also weak at below 10Mrad. Therefore, the appropriate value of the amount of electron beam irradiation in 
this invention is 10-50Mrad. 

[0063](Example 14) [Manufacture of the self-bridge construction type solid polymer electrolyte for high 
temperature batteries which added the nonaqueous electolyte which consists of polyalkylene oxide and 
lithium system mineral salt] 

It cast into Teflon tabular, after dissolving 5.0 g of block graft copolymers (sample number T-1) obtained in 
Example 1-2 in 100 ml of 1 and 4-dioxane. After settling this sample at the bottom of an argon air current, 
and a room temperature for 24 hours and removing a superfluous solvent, reduced pressure drying was 
carried out at 90 ** for 24 hours, and the film with a film thickness of 100 micrometers was obtained. After 
performing electron beam irradiation of dose 25Mrad. on this film and constructing a bridge over it with the 
accelerating voltage of 200 kV, LiCI0 4 was dissolved in polyethylene-glycol wood ether (Mn=350), and it was 
immersed in the electrolysis solution adjusted to the concentration of 1.0 mol/l. for 20 hours. As a result, 
shape was [ immersion before ] almost changeless although the thickness of the film became somewhat 
thick with 1 30 micrometers. 

[0064]Thus, the obtained polymers solid electrolyte thin film, In spite of containing 150% of the weight of 
polyethylene-glycol wood ether to prudence of a block graft copolymer, It was tough and the elastic 
modulus by dynamic viscosity sex-test machine RSA-II (trade name by a Rheometric Inc. company) showed 
more than 1.1x10 6 dyne/cm 2 . Even if it compressed this polymers solid electrolyte thin film by the load of 
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50kg[/cm ] 2 , the polyethylene-glycol wood ether added inside did not exude. 

[0065]In the thermometric analysis using a differential thermal analysis system, since there is no weight loss 
of this thin film to 150 **, and very high thermal stability is shown and a volatile constituent does not occur 
in an elevated temperature, it can be called a solid polymer electrolyte with very high safety. Start this film 
to 10 mm in diameter disc-like, and an electrode is formed in both sides on both sides of a lithium pole board, 
alternating-current-impedance with a frequency of 5-Hz - 5 MHz measuring device: — multi-frequency 
LCRX meter: — ionic conductivity was computed by the complex impedance method using the model 41 92A 
(trade name by YOKOGAWA Hewlett Packard). As a result, the value of 1.0x10 " 3 S/cm was obtained at 80 
**. 

[0066](Examples 1 5-22) [Manufacture of self-bridge construction type ****************** which added 
the polyalkylene oxide which differs in a kind, and lithium system mineral salt] 

It changed into polyalkylene oxide and the lithium system mineral salt which were shown in Table 3 as a 
nonaqueous electolyte, and also the solid polymer electrolyte was produced like Example 14, the same 
examination was done, and the evaluation result was shown in Table 3. 
[0067] 
[Table 3] 
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[0068]Although the self-bridge construction type solid polymer electrolyte of this invention contained a lot 
of electrolytes from this table 3, film strength was high, and was stable also in the elevated temperature, and 
it turned out that high ionic conductivity is maintainable. 

[0069](Examples 23-30) [Manufacture of the optimal self-bridge construction type solid polymer electrolyte 
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for a noncommercial sized cell which added the nonaqueous electolyte which consists of a different organic 
solvent and lithium system mineral salt] 

By adding the nonaqueous electolyte which consists of a different organic solvent and lithium system 
mineral salt, after irradiating with an electron beam (radiation) the film adjusted from the block graft 
copolymer (sample number T-1 to T-3) and constructing a bridge, When the constructed type solid polymer 
electrolyte excellent in the low-temperature characteristic of a bridge was manufactured and the same 
evaluation tests were done, the result shown in Table 4 was obtained. 
[0070] 
[Table 4] 
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[0071 ]The constructed type solid polymer electrolyte by this invention of a bridge revealed the ion 
conductivity outstanding also in low temperature, and this result showed that it was a solid electrolyte with 
high film strength. 

[0072](Comparative example 1) In accordance with the formation method of the solid polymer electrolyte of 
a statement, the film state solid electrolyte of 100 micrometers of thickness was produced to U.S. Pat. No. 
5,296,318. Polymer dissolves 1.5 g of propylene carbonate which dissolved LiPF(KynarFLEX2801 (trade 
name by Atochem) 1.5g, and 1 mol/l.) 6 in a 9-g tetrahydrofuran, After mixing, the cast was carried out on 
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the petri dish made from Teflon, and the film of 100 micrometers of thickness was obtained by neglecting it 
under a room temperature for 10 hours. When this film was neglected on the glass plate half a day, the 
propylene carbonate of the electrolysis solution flowed out of the inside of the film. 
[0073](Comparative example 2) The film state solid electrolyte of 100 micrometers of thickness was 
produced from the block graft copolymer before the bridge construction used by the polymer 1 given in 
JP, 5-741 95,B, i.e., the example of this invention. When this film was immersed in the electrolysis solution 
which consists of polyalkylene oxide shown in Example 20, and Li system mineral salt, it dissolved in about 2 
minutes. When the same film is immersed in the nonaqueous electolyte of the presentation shown in 
Example 25, it has dissolved in about 30 seconds. 

[0074]This invention is not limited to the above-mentioned embodiment. The above-mentioned embodiment 
is illustration. 

No matter what thing what has the substantially same composition as the technical idea indicated to the 
claim of this invention, and does the same operation effect so may be, it is included by the technical scope 
of this invention. 

[0075]For example, although the above-mentioned explanation explained the self-bridge construction type 
solid polymer electrolyte of this invention as a rechargeable battery element, it cannot be overemphasized 
that it is effective even if it uses this invention for various solid electrochemical elements, such as a primary 
battery element, a capacitor, an electrochromic display, or a sensor. 
[0076] 

[Effect of the Invention]The trunk molecule with two high mechanical strengths the block graft copolymer 
which is the component indicates clear micro phase separation structure to be one forms the false 
structure of cross linkage, and the self-bridge construction type solid polymer electrolyte of this invention 
achieves the duty of structure preserving, and it raises material strength. By furthermore performing 
electron beam bridge construction, since immobilization of phase structure is possible, Since 4 graft 
ingredients which can also add what kind of electrolysis solution and from which 3 graft ingredients form a 
continuous phase, and secure the passage of a metal ion also with a low molecule comparatively have a 
function as a compatibilizer, Since it has a bridge construction site in 5 intramolecular which can hold stably 
all kinds of a lot of electrolysis solutions in a film, it has the various characteristics that a bridge can be 
constructed even if it adds neither a cross linking agent nor a radical polymerization initiator. 
[0077]Therefore, if the self-bridge construction type solid polymer electrolyte which added the nonaqueous 
electolyte which comprises polyalkylene oxide and lithium system mineral salt to the self-bridge 
construction type block graft copolymer of this invention is applied to rechargeable lithium-ion batteries 
which carry out operating at high temperatures, such as an object for electric power flat, and an 
electromobile, It is dramatically effective in the miniaturization of a cell, and thin-film-izing, and a cell with 
very high safety is producible. Since the film state self-bridge construction type solid polymer electrolyte 
which added the nonaqueous electolyte which comprises a low-boiling point organic solvent and lithium 
system mineral salt to the self-bridge construction type block graft copolymer of this invention is excellent 
in the low-temperature characteristic, does not have a liquid spill and is excellent in the mechanical 
strength, it conforms to a noncommercial sized cell. This invention provides the self-bridge construction 
type solid polymer electrolyte which can respond to these different uses universally, and the method of 
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manufacturing this by low cost especially using a cheap monomer. 
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